Background: Calycosin and genistein are the two main components of isoflavones. Previously, we reported that these compounds display antitumor activities in the breast cancer cell lines MCF-7 and T47D. In the present study, we investigated the mechanism of action of calycosin and genistein, and their respective efficacies as potential therapies for the treatment of breast carcinoma in the clinic. Methods: MCF-7 cells were treated with calycosin or genistein. Cell proliferation and apoptosis were measured using CCK8 assay and Hoechst 33258. The expression level of phosphorylated Akt protein was determined by western blotting. Expression level of HOTAIR was quantified by real-time PCR. Results: Both calycosin and genistein inhibited proliferation and induced apoptosis in MCF-7 breast cancer cells, especially after treatment with calycosin. Treatment of MCF-7 cells with calycosin or genistein resulted in decreased phosphorylation of Akt, and decreased expression of its downstream target, HOTAIR. Conclusion: Calycosin is more effective in inhibiting breast cancer growth in comparison with genistein, through its regulation of Akt signaling pathways and HOTAIR expression.
Introduction
Breast cancer is one of the most common cancers threatening women. As the second leading cause of cancer-related death in women, it accounts for approximately 15% of all female cancer-related deaths in the United States [1] . Recent evidence suggests that increasing vegetable and fruit consumption might reduce the risk of breast cancer [2, 3] . Epidemiologic studies have also reported that the incidence of breast cancer in Asian women is much lower than in Western women, presumably due to higher amounts of phytoestrogens in the diet of Asian women. Thus, the relationship between phytoestrogens and breast cancer has become a major focus of recent research.
Phytoestrogens, sometimes called dietary estrogens, are a diverse group of naturally occurring non-steroidal plant compounds that have been proposed as the natural alternatives to estrogen. Because of their structural similarity to estrogen, phytoestrogens can produce estrogenic and/or anti-estrogenic effects. Phytoestrogens are subdivided into four main classes: isoflavones, stilbened, lignans, and coumestans.
Both calycosin and genistein, belonging to the isoflavone class, are commonly consumed in the diet. It has been shown that calycosin and genistein inhibit many types of cancers including breast cancer [4] [5] [6] [7] through the regulation of several cell signaling pathways such as the mitogen-activated protein kinases (MAPK), Akt and JAK/STAT pathways [8] [9] [10] .
Recent evidence suggests that non-coding RNAs (ncRNAs) are involved in many cellular processes. ncRNAs are divided into two major classes based on transcript size: small ncRNAs and long ncRNAs (lncRNAs). LncRNAs are defined as RNA genes larger than 200 nucleotides that have no protein coding potential [11, 12] . The HOX transcript antisense RNA (HOTAIR) gene is located within the Homeobox C (HOXC) gene cluster on chromosome 12 and encodes s 2.2 kb lncRNA molecule. Importantly, HOTAIR is over-expressed in several cancers such as breast, colorectal, liver, pancreas, and laryngeal cancer [13, 14] . In particular, high expression of HOTAIR in breast cancer is a predictor of metastasis and poor outcome [15] . The expression of HOTAIR has been reported to be regulated by the PI3K/Akt signaling pathway [16] . Despite the growing body of evidence that HOTAIR and isoflavones are involved in breast cancer biology, there are no reports about the relationship between isoflavone and HOTAIR in breast cancer.
Based on the above information, we hypothesized that the HOTAIR-Akt mediated pathway may also be involved in the inhibitory effect induced by calycosin and genistein in MCF-7 cells. In the present study, we investigated the underlying mechanisms involved in the inhibitory effect of calycosin and genistein in MCF-7 cells.
Materials and Methods

Drug
Calycosin and genistein (purity > 98%, demonstrated by high-performance liquid chromatography, extracted by Phytomarker Ltd, Tianjin, China) was dissolved in dimethylsulfoxide (DMSO). The stock of calycosin and genistein (200 mM) were stored at 4°C for further use.
Cell Culture
The human breast cancer cell line (MCF-7) was obtained from the Shanghai Institute of Cell Biology (Chinese Academy of Sciences, Shanghai, China), and the cells were cultured at 37°C in a humidified atmosphere of 5% CO 2 in RPMI 1640 media (Gibco-BRL, Gaithersburg, MD) containing 10% fetal bovine serum (FBS; HyClone, Logan, UT), 100 kU/L −1 penicillin, and 100 mg/L −1 streptomycin. For the cell proliferation assay, cells were starved with low-serum medium (containing 0.5% CS-FBS) for 24 h. Cell morphology assessment MCF-7 cells were treated with calycosin or genistein (80 μM) for 48 h, washed with PBS, and then fixed with 4% paraformaldehyde in PBS for 30 min at room temperature. After fixation, cells were stained with Hoechst 33258 (5 mg/ml), and observed under the inverted light microscope. Apoptotic cells were identified by fragmented and condensed nuclei.
Quantitative Real-time PCR assay (qPCR)
MCF-7 cells were treated with calycosin or genistein (80 μM) for 48 h. RNA was extracted using Trizol (Gibco-BRL). cDNA was preparing using 10 ng of RNA and the RevertAid First Strand cDNA Synthesis Kit (Fermentas, Life Sciences, USA). Next, quantification of HOTAIR was measured by qPCR using SYBR Green qPCR Master Mix (Fermentas, Life Sciences, USA) and specific primers for HOTAIR and GAPDH. GAPDH was used as a housekeeping gene to calculate the relative expression levels of HOTAIR.
Western blot analysis
After cells were treated with calycosin or genistein (80 μM) for 48 h, total cell extracts were prepared in ice-cold lysis buffer. The lysates were centrifuged at 12,000 rpm for 10 min, and protein concentrations in the resulting supernatants were determined by Bio-Rad assay kit using bovine serum albumin as the standard. Equal amounts of protein (40 μg/lane) were separated by SDS-PAGE and transferred onto 0.22 μm polyvinylidene difluoride (PVDF) membranes (Bio-Rad Laboratories, USA). The membranes were blocked in TBS-T (Tris-buffered saline, pH 7.6, 0.05% Tween 20) containing 5% non-fat dried milk. The membrane were further incubated sequentially with specific antibodies against p-Akt (1:1000), and Akt (1:1000). After three washes, the blots were incubated with appropriate secondary antibodies coupled to horseradish peroxidase at room temperature for 1 h and then developed using electrochemiluminescence (ECL) western blot detection reagents (Beyotime, China). Expression levels of the proteins were compared with the control based on the relative intensities of the bands.
Statistical analysis
One-way ANOVA followed by Dunnett's multiple comparison test was used for comparison of different treatments using SPSS 16.0 software. Data were expressed as mean ± SD, and a probability of p < 0.05 was considered statistically significant.
Results
Calycosin and genistein inhibit proliferation of human MCF7 breast cancer cells
To evaluate the anti-proliferative effect of isoflavones, human MCF-7 breast cancer cells were incubated with calycosin or genistein (0, 5, 10, 20, 30, 40, 60, 80, 100 μM) for 48 h, and cell proliferation was measured using the CCK-8 kit. The results demonstrated that both calycosin and genistein significantly inhibited the proliferation of MCF-7 cells (p < 0.05) in a dose-dependent manner (Fig. 1) . Additionally, we found that calycosin was more effective than genistein in the inhibition of cell proliferation in MCF-7 cells.
Calycosin and genistein induces apoptosis in human MCF-7 breast cancer cells
Hoechst 33258 was used to determine whether calycosin or genistein can induce apoptosis in MCF-7 cells. Calycosin-or genistein-treated MCF-7 cells were stained with Hoechst 33258 to provide morphological evidence of apoptosis. As expected, we observed bright blue-stained nuclei with condensed chromatin in MCF-7 cells treated with calycosin or genistein, compared with untreated MCF-7 cells (Fig. 2) . This data confirmed that calycosin or genistein could induce apoptosis. In brief, these results corroborated the data from the CCK8 assay. This indicates that induction of apoptosis is likely to be the mechanism of calycosin-and genistein-mediated growth inhibition of MCF-7 cells.
Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
Calycosin and genistein inactivate Akt in human breast cancer MCF-7 cells
Activation of the phosphatidylinositol 3-kinase (PI3K)/Akt pathway has been widely reported to promote cell survival by inhibiting apoptosis. Therefore, we analyzed the phosphorylation level of Akt in calycosin-or genistein-treated cells by western blot. After treatment of cells with calycosin or genistein, we observed a decrease in the phosphorylation of Akt in MCF-7 cells (p < 0.05) (Fig. 3) . This data suggested that inactivation of the Akt signaling pathway could be responsible for the cell apoptosis induced by calycosin and genistein.
Calycosin and genistein downregulate expression level of HOTAIR in human MCF-7 breast cancer cells
It has been reported that the PI3K/Akt pathway regulates the expression of the oncogenic lncRNA HOTAIR. Since we observed a decrease in activation of the PI3K/Akt pathway, indicated by lower p-Akt levels (Fig. 3) , we wanted to see whether HOTAIR levels were effected upon isoflavone treatment. The results showed that calycosin and genistein gradually downregulated expression level of HOTAIR, which was again more apparent in calycosin-treated MCF-7 cells (p < 0.05) (Fig. 4) . 
Discussion
Recently, phytoestrogens have received considerable attention because of their ability to bind estrogen receptors. Isoflavones, lignans, and coumestans comprise the main phytoestrogenic compounds. Isoflavones resemble 17-beta-estradiol in structure, and, as such, are able to bind the estrogen receptor (ER) in vitro, behaving much like a natural selective estrogen receptor modulator (SERM) [17] . Ma et al., reported that isoflavone intake significantly inhibited the development of premenopausal and postmenopausal mammary tumors., indicating the role of phytoestrogens in the prevention and treatment of breast cancer [18] .
Calycosin and genistein are two main components of isoflavones that have been attracting attention for their possible anti-cancer effects. Previously, we have reported that calycosin significantly inhibited proliferation and induced apoptosis in human breast cancer MCF-7 cells [8] . Furthermore, Prietsch et al., reported that the antitumor effect of genistein involved the modulation of antioxidant enzymes and apoptotic signaling expression, which resulted in apoptosis and autophagy [19] . Based on these findings, we further observed and compared the anti-proliferation effect between calycosin and genistein, so as to provide more valuable information in evaluating the feasibility of their clinical application.
As expected, both calycosin and genistein markedly inhibited cell proliferation of MCF-7 cells in a dose-dependent manner. Moreover, the growth inhibitory effects induced by calycosin were greater than genistein, indicating that calycosin may be more efficacious than calycosin in treating human breast cancer. Furthermore, it was shown that apoptosis is the predominant mode of calycosin-and genistein-mediated cell death, as determined by increased apoptotic cells with Hoechst 33258 measurement.
Akt is a major component of the phosphoinositide 3-kinase (PI3K) signaling pathway. In normal cells, Akt acts as a signal transducer of PI3K and promotes cell proliferation and cell survival. Activation of Akt favors cell survival through the regulation of apoptotic proteins, like the Bcl-2 family and caspases [20, 21] . Thus, we believe that the observed downregulation of Akt phosphorylation may explain the mechanism for calycosin-and genistein-induced apoptosis.
The lncRNA HOTAIR is shuttled from chromosome 12 to chromosome 2 by a component of the Polycomb Repressive Complex 2 (PRC2) and represses transcription of homeobox D (HOXD) genes [22] . HOTAIR interacts with both PRC2 and lysine specific demethylase 1 (LSD1) complexes and couples histone H3 lysine 27 methylation and lysine 4 demethylation for epigenetic silencing of not only HOXD genes, but also many other genes. Evidence suggests that HOTAIR regulates key pathways in cancer invasion and metastasis. HOTAIR increased breast cancer invasiveness and metastasis by inducing positive regulators of cancer metastasis (ABL2 SNAIL, LAMB3 and LAMC2) in a manner dependent on PRC2 [14] . Some studies demonstrated that PI3K/AKT signaling influenced the expression of HOTAIR [16] . However, little is known about the relationship between isoflavones, Akt, and HOTAIR in breast cancer cells. This prompted us to investigate whether isoflavones act as a modulator of Akt and HOTAIR, or a related signaling pathway. In the present study, our data revealed that along with reduced p-Akt levels, HOTAIR expression decreased in a dose-dependent manner upon treatment with calycosin or genistein. Therefore, this study is the first to demonstrate that calycosin and genistein regulate HOTAIR in MCF-7 cells.
In conclusion, our results show that calycosin and genistein inhibit breast cancer cell growth through inactivation of the PI3K/Akt signaling pathway, which resulted in decreased expression of the downstream target HOTAIR. These findings improve our understanding of how calycosin and genistein regulate lncRNA in breast cancer and identifies novel targets for breast cancer therapy.
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